Less-intense remission induction regimens for adults with newly diagnosed acute myeloid leukemia (AML) aim to reduce treatment-related mortality (TRM), here defined as death within 4 weeks after starting induction therapy. This assumes that TRM rates are similar to the 15-20% observed 20 years ago. Herein we test this assumption. We examined TRM rates in 1409 patients treated on SWOG (Southwest Oncology Group) trials and 1942 patients treated at MD Anderson (MDA) from 1991 to 2009. Eighty-eight percent of SWOG patients received '3 þ 7' or regimens of similar intensity while 92% of the MDA patients received ara-C at 1.5-2.0 g/m 2 daily Â 3-5 days þ other cytotoxic agents. We examined the relationship between time and TRM rates after accounting for other covariates. TRM rates between 1991 and 2009 decreased from 18-3% in SWOG and 16-4% at MDA. Multivariate analyses showed a significant decrease in TRM over time (P ¼ 0.001). The decrease in TRM was not limited to younger patients, those with a better performance status or a lower white blood cell count. Though our observations are limited to patients treated with intensive therapy at SWOG institutions and MDA, the decrease in TRM with time emphasizes the problem with historical controls and could be considered when selecting AML induction therapy.
INTRODUCTION
Death during remission induction ('treatment-related mortality' (TRM)) is a well-known complication of therapy of acute myeloid leukemia (AML). Although TRM is more common with advancing age, performance status has been shown to be more closely associated with TRM than age, 1, 2 and TRM rates 430% have been reported in older patients with poor performance status given standard induction therapy ('3 þ 7'). 2 Numerous other covariates also modulate the age effect on TRM. 2, 3 A desire to reduce TRM rates below those seen with 3 þ 7 has motivated the introduction, primarily for older patients, of various regimens considered 'less intense' than 3 þ 7; examples include 'low-dose' ara-C 4 and, more recently, azacitidine 5, 6, 7 and decitabine. 8, 9 This development assumes that TRM rates during AML with 3 þ 7 have changed little with time. Some doubt has been cast on this assumption by the advent of newer supportive care measures. Perhaps consequent to their introduction, rates of non-relapse mortality after both ablative and reduced-intensity allogeneic hematopoietic cell transplant have fallen considerably. 10 This observation led us to speculate that the same has occurred with AML induction therapy. Accordingly, we conducted an analysis of 3351 adults with AML registered to clinical trials between 1991 and 2009 to examine if and how TRM rates changed over time. To see whether any change might apply to different treatments, we included both patients given 3 þ 7 (or 3 þ 7-like regimens) on SWOG (Southwest Oncology Group) studies and patients given high-dose ara-C-containing regimens at MD Anderson (MDA) Cancer Center.
PATIENTS AND METHODS
Analyses included 1409 SWOG patients on nine trials between 1991 and 2009 and 1942 patients treated on various trials at MDA between 1991 and 2009. Seven hundred and sixty-nine of the SWOG patients received 3 þ 7 alone and are analyzed separately below; in the earlier years of the 1991-2009 period, the daily daunorubicin dose was typically 45 mg/m 2 , while it was 60 mg/m 2 in later years. Another 273 received 3 þ 7 þ gemtuzumab ozogamicin (with 45 mg/m 2 daunorubicin). Two hundred received regimens of similar intensity as 3 þ 7 (mitoxantrone þ etoposide þ / À PSC 833), while a final 167 were given daunorubicin þ ara-C at 2-3 g/m 2 daily þ / À cyclosporine. Ninety-two percent of the 1942 MDA patients received ara-C at 1.5-2.0 g/m 2 daily Â 3-5 days, together with idarubicin (IA), fludarabine (FA, FLAG, FLAG þ ida), topotecan, troxacitabine or clofarabine with or without non-cytotoxic agents such as tipifarnib, vorinostat or sorafenib. Institutional review boards of participating institutions approved all protocols, and patients were treated according to the Declaration of Helsinki.
Statistical analysis
TRM was defined as death within 28 days after initiation of induction therapy, based on findings that weekly TRM rates declined sharply once 4 weeks had elapsed from initiation of therapy, suggesting that the first 4 weeks of therapy was a distinct time. 2 
RESULTS
Early death in the SWOG and MDA cohorts To clarify whether the decline in TRM (Table 1 ) merely reflected the higher proportion of patients with covariates associated with decreased TRM (Table 2) , multivariate regression analyses were done to assess changes in TRM rates over time while adjusting for these covariates (Tables 3-5). Because SWOG had no patients with secondary AML (associated with TRM) during the low TRM 2006-2009 period, two regression analyses were performed: one including secondary AML as a covariate and a second excluding all patients with secondary AML (Tables 3 and 4) . When including secondary AML as a covariate, there was no evidence of change in TRM rates over time (trend P ¼ 0.14). When patients with secondary AML were excluded (13% of all the 1409 SWOG patients), there was evidence of a decrease in TRM rates over time (trend P ¼ 0.003). Results for the MDA analysis are presented in Table 5 and there was evidence that TRM rates decreased over time (trend P ¼ 0.001).
To evaluate whether there was evidence that changes in TRM rates over time were covariate specific, we evaluated interaction between time and the covariates of the multivariate models. None of the interaction terms was significant. Additionally, an analysis limited to patients aged p60 and including the same covariates noted above found a decrease over time (P ¼ 0.018 at MDA, P ¼ 0.12 in SWOG and P ¼ 0.031 in SWOG excluding the patients with secondary AML).
TRM in SWOG patients who received 3 þ 7 The same analyses as above were performed in the subset of SWOG patients who received 7 þ 3 therapy without other agents (n ¼ 769). The TRM rate was 11%, with rates of 18, 12, 13 and 1% in the four time periods. The same covariate associations with TRM in the full cohort were seen in this subset. In multivariate analysis when secondary AML was included there was not a significant change in TRM rates over time (trend P ¼ 0.12), but when patients with secondary AML were excluded from the analysis, the decrease was significant (trend P ¼ 0.05).
DISCUSSION
Our results indicate that TRM rates after receipt of AML induction have fallen over the 1991-2009 period, with the most dramatic decrease in the final four of these years. The same trend occurred in both SWOG, where the predominant induction therapy was 3 þ 7, and at MDA, where most patients received 'more intense' induction, in particular containing ara-C at 1.5-2.0 g/m 2 daily Â 3-5 days. Several issues merit attention. Perhaps first is whether death occurring within the initial 28 days after the start of induction is a plausible criterion for TRM. Although any criterion might appear arbitrary, 28 days seems supported empirically. In particular, weekly death rates, at least in SWOG and at MDA, appeared high and constant during weeks 1-4 after the start of therapy after which they declined precipitously in both younger and older patients. 2 Furthermore, covariates associated with death during days 1-28 were not of those associated with failure to enter complete remission despite surviving these 28 days or with relapse. 2, 11 This suggested that these 4 weeks were a distinct period with patients dying during this time a distinct group. The same conclusion was reached in an MDA analysis based on patients treated during the 1980s. 3 Similar results to those presented here can be found when defining TRM as death within 60 days after the start of induction; in SWOG, rates decreased over the time periods analyzed here from 27, 22, 20 to 6%, with similar trends in MDA: 25, 22, 15, 8%.
A great variety of induction regimens were used during the 18 years encompassed in these analyses. In particular, MDA patients generally received much higher doses of ara-C than did SWOG patients. Although such heterogeneity might be viewed as a weakness, the similar declines in TRM at MDA and in de novo SWOG patients (who constituted 87% of those treated in SWOG) might also be viewed as strengthening the case that our results can be generalized. The same is true considering the similarity in results in SWOG patients given 3 þ 7 vs other regimens. Likewise, while the daunorubicin doses used in SWOG trials varied with time, in general higher doses were used in later years, which, other things being equal, might have been expected to increase the TRM rate but did not.
A fundamental issue is whether decreasing TRM rates are due to a true effect of time rather than an effect of the seemingly better prognoses of patients treated in the more recent periods. The factors contributing to these better prognoses comprise those that are known (such as younger age, better performance status and de novo rather than secondary AML) and those that cannot be known (for example, selection bias as discussed below). We used multivariate analyses to account for the known covariates. It should be noted that during 2006-2009 when the TRM rates in SWOG were the lowest (3%), no SWOG patients had secondary AML. Hence multivariate analysis cannot distinguish between an effect of time and an effect of absence of secondary AML. Although the number of secondary AML patients in SWOG in earlier periods was relatively small, this confounding presumably accounted for the P-value of 0.14 when testing the hypothesis that there had been no successive decrease in TRM over the time periods. The small number of secondary AML patients also hampered efforts to examine whether the effect of secondary AML on TRM had declined during the first three of these periods. These problems led us to do a separate analysis limited to SWOG patients with de novo AML, who accounted for 87% of SWOG patients from 1991 to 2009. This analysis (Table 4) rejected with P ¼ 0.003 the hypothesis that there had been no decrease in TRM during the periods examined. A similar conclusion was reached using MDA data, which included more patients with secondary AML, although this increase reflected to some extent different definitions of secondary AML in SWOG and at MDA.
There could be unknown covariates that could have contributed to our findings. In particular, the decrease in patient age over time, especially in SWOG, raises the possibility that in later years older patients preferentially received less intense regimens, which became increasingly available in these years. In fact, the decrease in age of SWOG patients during the most recent years was because there was no protocol active for older patients. 
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It is, nonetheless, plausible that the older patients included in the later years of our study were more favorable than those included in the earlier years, a possible selection bias that cannot be addressed by multivariate analyses. However, we found no evidence that the decline in TRM was limited to older patients. In fact, a subset analysis of patients aged p60 years had the same results as the primary analysis including all ages. And while it is reasonable to assume a tendency over time to give older patients less intense regimens, it is less reasonable to assume the same for younger (for example, under age 60 or 65 years) patients. Similarly, although our ability to detect these was limited, the absence of statistical interactions between a decrease in TRM and performance status or WBC suggests that our findings are applicable to patients with better performance status and patients with high WBC, with both of these groups unlikely to have received less intense therapy in the later years of this study. Of course randomization, the best way to address selection bias, is not applicable in our patients. Furthermore, a decline such as we observed in TRM rate in patients given intense regimens is certainly quite plausible given the introduction of newer antibiotics and antifungals, in particular azoles and echinocandins effective against molds. [12] [13] [14] [15] It is highly likely that the same factors underlie the decrease in non-relapse mortality seen following hematopoietic cell transplant. 10 Regardless of the explanations, the decline in TRM after induction therapy with 3 þ 7 (SWOG) or more intense regimens (MDA) has important implications. Recent years have seen the introduction of drugs, such as azacitidine and decitabine. Although these agents have less anti-AML activity than more intense regimens, a good part of their appeal is that they are likely to have a lower 28-day TRM rate. However, although we cannot be sure our observations extend beyond patients eligible for intensive regimens at SWOG institutions or MDA, our results suggest that TRM is not the problem it once was.
